Artemia, in all stages of its life cycle, is suitable food for most diversi¢ed groups of aquatic animals. Although its size at di¡erent stages restricts its use as a food for some groups of ¢sh, this problem can be overcome using selective breeding techniques. The formulation of any selective breeding programme calls for a proper understanding of the genetic architecture of the economically important traits of the population under study. Thus, heritability for certain important life history and reproductive traits was estimated in Artemia franciscana from the Great Salt Lake, Utah. In the present study, the sexwise heritability values for growth and reproduction traits were estimated using parent^o¡spring regression. The phenotypic parameters for the same traits are also recorded. The naupliar length was 487.072.0 and 490.671.8 mm for males and females, respectively, whereas the heritability values for naupliar length were 0.585170.2153 and 0.376670.1899 respectively. The length at 3 and 6 days of age were 1.8770.03 and 4.1070.08 mm, respectively, for males whereas1.8770.03 and 4.3070.08 mm, respectively, for females. The heritability values for length at 3 and 6 days of age for males were 0.327270.3651 and 0.496570.2466, respectively, whereas the respective values for the females were 0.116770.3841 and 0.022270.2971. The estimates of length at ¢rst brood, pre-reproductive period and number of o¡-spring in ¢rst brood were 10.0970.23 mm, 16.007 0.23 days and 53.5771.37 days, respectively, whereas the heritability values for respective traits were 0.040370. 1078, 0.323470.2874 and 0.340470.2202. 
Introduction
Heritability expresses the proportion of total variance that is attributable to the average e¡ect of the genes. The importance of heritability in a breeding experiment lies in its predictive role expressing the reliability of phenotypic value as a guide to the breeding value. It is of immense use in making decisions regarding the type of selection methods that allow the greatest and/or most rapid improvement. There is an apparent lack of information on quantitative genetics aspects of Artemia although Artemia was described in the 18th century and has been extensively studied with respect to its life history and biology. Naupliar sizes of di¡erent Artemia strains have been studied by Claus, Benijits & Sorgeloos (1977) , Claus, Benjits, Vandeputte & Gardner (1979) and Vanhaecke & Sorgeloos (1980a) . The e¡ects of salinity and temperature of the external medium on the growth and adult body size are reported by many workers (Martin & Wilbur 1921; Heath 1924; Weisz 1946; Reeve 1963; Sick 1976; Vanhaecke & Sorgeloos 1980b; Wear & Heslett 1986; Triantaphyllidis, Poulopoulou, Abatzopoulos, Perez & Sorgeloos 1995; Triantaphyllidis, Criel, Abatzopoulos & Sorgeloos 1997) . Many reports are available on the sexual maturity of Artemia (Jensen 1918; Weisz 1946; Tobias, Sorgeloos, Roels & Sharfstein1980; Wear, Haslett & Alexander1986) . However, there is a lack of information regarding heritability estimates in Artemia, except for that of Browne, Sallee, Grosch, Segreti & Purser (1984) to separate out the genetic component of a number of traits in Artemia.
Thus, in the present study, an attempt was made to estimate the heritability of some of the quantitative traits in Artemia franciscana using the parent^o¡-spring regression method. These heritability esti- Aquaculture Research, 2004, 35, 35^39 r 2004 Blackwell Publishing Ltdmates are required for predicting the selection response and to formulate the selective breeding programmes to develop bidirectional selective breeding lines to produce the required sizes of Artemia nauplii as well as the required sizes of intermittent Artemia life cycle stages to the aquaculture industry as food for larval ¢sh.
Materials and methods
Nauplii of Artemia franciscana (Kellogg 1906) (Bowen 1962; Browne 1980 Browne , 1982 . Initially, nauplii were stocked at the rate of 20 000 L À 1 in 4 L of seawater as suggested by Dhont, Lavens & Sorgeloos (1993) . The volume was then progressively increased to 10 L on the 6th day by adding 1L of 90 g L À 1 seawater every day. Artemia were fed using the third diet of MaedaMartinez, Hortencia, Obregon- Barboza & Dumont (1995) , with little modi¢cation (20 g baker's yeast 10.5 g Spirulina powder 11.8 mL cod liver oil). Every day,10% water was siphoned out with faeces and uneaten food. After the basin was carefully cleaned by hand, water was replenished with 90 g L À 1 brine solution. Salinity of the culture media was checked every day using a refractometer, and was maintained at 90 g L À 1
. As soon as males started clasping the females to form pairs, 61 pairs were removed and each pair was then kept in a 200-mL bottle containing 90 g L À 1 seawater. They were fed with the same food as before. The bottles were cleaned every other day after carefully removing the breeders along with the supernatant water. After cleaning, the animals were placed back into the original bottle along with the same water. Bottles were examined twice a day, in the morning and evening, for the release of nauplii during that period. Ten nauplii from each of the successfully bred pairs were maintained individually in a 50-mL bottle and fed with the same feed as mentioned above. On the 3rd, 6th and 9th days, the rearing bottles were cleaned and water was changed.
This was designated as F1 generation. After maturation males and females of the F1generation were mated, and due care was taken to avoid inbreeding. Ten nauplii from successfully bred pairs of the F1 generation formed the F2 generation, and it was raised in a similar way as the F1 generation. The total numbers of individuals measured were 239 males and 255 females from the F1 generation and 223 males and 195 females from the F2 generation. Measurements of traits such as naupliar size (length), length at 3 days of age and length at 6 days of age were recorded for all the individuals of the F1and F2 generations, while traits such as pre-reproductive period, length at ¢rst brood and number of o¡spring in ¢rst brood were also recorded only for the females in both the generations after mating.
Heritability of the traits was estimated from the regression of o¡spring on parent. Sire-son and damd aughter data were used for this purpose. The statistical model and computational formulae are as follows.
(1) Statistical model:
where Z i is the value of o¡spring of the ith sire, X i the observation of the ith sire, b the regression Z on X, and e i the error associated with Z i . (2) Computational formulas:
where N is the number of parent o¡spring,
(because N À 1is common to both numerator and denominator). Heritability was estimated as below:
The Standard error of heritability was calculated according to Klein, DeFries & Finkbeiner (1973) the following formula:
Results and discussion
Phenotypic parameters
Phenotypic parameters of A. franciscana are presented in Table 1 Tobias et al. (1980) in A. franciscana. Vanhaecke & Sorgeloos (1980b) reported the average larval length at 7 days of age to be 3.1670.17 mm for the San Francisco Bay strain and stated that the Great Salt Lake, Utah, strain showed 125% more growth (i.e. 3.95 mm) than the San Francisco Bay strain. The mean lengths of combined sexes observed in the present study results are comparable with that of the Great Salt Lake strain. This is quite natural, since the same strain has been used in the present work. Mean length on the 6th day of age was not signi¢cantly di¡erent between males and females. In the present study, the length was 10.088870.0854 mm at 16.00 days age of females, whereas Tobias et al. (1980) have recorded lengths of 6.6371.10 (GSL harvest of1966) and 6.2571.43 (GSL harvest of 1977) mm on the 15th day. They conducted their experiment in culture media with a salinity of 34.8 g L À 1 and water temperatures between 22.9 1C , whereas the temperature ranged from 30 1C to 33 1C. Wear & Haslett (1986) have reported that A. franciscana grows rapidly at 32 1C and 26 1C compared with 8 1C. In the present study, the temperatures were higher compared with those of Tobias et al. (1980) , and this di¡erence may partially explain the di¡ering results. The total number of o¡spring in ¢rst brood (53.569671.3675) is comparable to the results of Rahaman & Rathinasamy (1997) .
Heritability estimates for the traits under study are presented in Table 2 . Heritability values for naupliar length were of moderate magnitude in both males and females. Similarly, heritability values of males for length on 3 days of age and length on 6 days of age were also of moderate magnitude, whereas in females heritability values for these traits were of low magnitude. Heritability values estimated for the reproductive traits of female length at ¢rst brood and number of o¡spring in ¢rst brood were moderately heritable, whereas the heritability value for pre-reproductive period was low.
Various reports on heritability estimates by regression of o¡spring on parent are available in aquatic animals such as in Salmo gairdneri (Kincaid 1972) , Eurytemora herdmani (McLaren 1976), Oreochromis niloticus (Tave & Smitherman1980) and Cyprinus carpio (Brody,Wohlfarth, Hulata & Moav 1981) . However, there are no reports on heritability values in Artemia to compare with the results of the present study.
Heritability values estimated for di¡erent traits are of low-to-medium magnitudes. Shirdhankar & Thomas (2003) have realized substantial genetic gains from a bidirectional selection for naupliar length in A. franciscana. Thus, the heritability values can be used to formulate a selective breeding programme to develop suitable heading lines, with the speci¢c aim of decreasing or increasing the size of a particular stage of the life cycle of Artemia to produce feed for a speci¢c group of aquatic animals.
